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Elizabeth M. Niespoloa,b,1,2, Warren D. Sharpb, Graham Averyc, and Todd E. Dawsond
Klein (1) challenges two interpretations in Niespolo
et al. (2). Regarding his first point, we maintain that
Ysterfontein 1 (YFT1) does provide the oldest known
example of full coastal adaptation as indicated by the
presence of shell middens (cf. ref. 3). Klein inaccu-
rately characterizes the age of the deepest shell mid-
den layers at Klasies River Main (KRM) given in ref. 4.
While other workers identify even the oldest light
brown sand (LBS) layer at KRM as similar in age or
younger than the deepest deposits at YFT1 (cf. refs.
5 and 6), the reference cited by Klein (4) and subse-
quent dating efforts show that the shell midden lenses
in beach-sand deposits within the LBS layer likely
postdate the marine isotope stage 5e sea level high-
stand (∼120 ka) as does the midden at YFT1. How-
ever, existing dates suggest that KRM shell middens
may, in fact, be younger than YFT1. Layer LBS has
been directly dated using multiple techniques that
converge on an age of ∼104 ka (5), notably younger
than the 95% confidence interval for YFT1 deposi-
tion (2). However, complicating matters, a capping
speleothem with a U-series age of ∼110 ka is inter-
preted as a minimum age of the LBS layer at KRM (5).
Thus, layer LBS yields conflicting dates and its true
age remains uncertain. The next oldest layer at KRM
hosting midden deposits (layer shell and sand [SAS]) is
definitively younger than YFT1 (5, 7). Thus, there is no
basis for the assertion that KRM middens are older
than those at YFT1, and we stand by our claim that
YFT1 provides the oldest currently known example of
systematic coastal resource exploitation.
Second, Klein disputes our characterization of the
YFT1 shell midden as evidence of intensive use of
marine resources by its human occupants. Our inter-
pretation follows from three considerations: 1) true
shell middens (i.e., shell-supported deposits) like those
at YFT1 form when shell deposition was fast enough to
exceed deposition of sediments, 2) middens are generally
an accepted archaeological proxy indicator of coastal
adaptation (e.g., ref. 3), and 3) midden accumulation
rates are an accepted proxy for marine resource ex-
ploitation (e.g., refs. 8 and 9). We showed that YFT1 is
substantially older and was more rapidly accumulated
than previously thought (2). The high accumulation
rates indicated by our ages are comparable to those
observed in Later Stone Age middens (e.g., ref. 10),
which are unquestioned examples of intensive marine
exploitation. We suggest that YFT1 represents an early
stage on the trajectory of human exploitation of marine
resources, where evidence of full coastal adaptation and
intensive coastal site use are present, but indicators of
resource depletion characteristic of Later Stone Age
middens, perhaps driven by larger populations (e.g.,
ref. 11) are absent, as was stated in ref. 2. We stand by
our conclusions that YFT1 is currently the oldest well-
dated true shell midden and that at times it was inten-
sively occupied by humans, documenting an early
example of coastal adaptation (sensu ref. 3).
1 R. G. Klein, Middle Stone Age marine resource exploitation at Ysterfontein 1 rockshelter, South Africa. Proc. Natl. Acad. Sci. U.S.A.,
10.1073/pnas.2107978118 (2021).
2 E. M. Niespolo, W. D. Sharp, G. Avery, T. E. Dawson, Early, intensive marine resource exploitation by Middle Stone Age humans at
Ysterfontein 1 rockshelter, South Africa. Proc. Natl. Acad. Sci. U.S.A. 118, e2020042118 (2021).
3 C. W. Marean, The origins and significance of coastal resource use in Africa and Western Eurasia. J. Hum. Evol. 77, 17–40 (2014).
4 H. J. Deacon, S. Wurz, “A Late Pleistocene archive of Life at the Coast, Klasies River” in African Archaeology: A Critical Introduction,
A. B. Stahl, Ed. (Blackwell, 2005), pp. 213–228.
aDepartment of Earth and Planetary Science, University of California, Berkeley, CA 94720; bBerkeley Geochronology Center, Berkeley, CA 94709;
cDepartment of Natural History, Iziko Museums of South Africa, Cape Town 8001, South Africa; and dDepartment of Integrative Biology,
University of California, Berkeley, CA 94720
Author contributions: E.M.N. andW.D.S. designed research; E.M.N., W.D.S., G.A., and T.E.D. performed research; E.M.N., W.D.S., G.A., and T.E.D.
analyzed data; and E.M.N., W.D.S., G.A., and T.E.D. wrote the paper.
The authors declare no competing interest.
Published under the PNAS license.
1Present address: Division of Geological and Planetary Sciences, California Institute of Technology, Pasadena, CA 91125.
2To whom correspondence may be addressed. Email: niespolo@caltech.edu.
Published July 20, 2021.






































5 F. E. Grine, S. Wurz, C. W. Marean, The Middle Stone Age human fossil record from Klasies River Main Site. J. Hum. Evol. 103, 53–78 (2017).
6 S. Wurz, The significance of MIS 5 shell middens on the Cape coast: A lithic perspective from Klasies River and Ysterfontein 1. Quat. Int. 270, 61–69 (2012).
7 S. Wurz et al., Connections, culture and environments around 100,000 years ago at Klasies River main site. Quat. Int. 495, 102–115 (2018).
8 A. Jerardino, Shell density as proxy for reconstructing prehistoric aquatic resource exploitation, perspectives from southern Africa. J. Archaeol. Sci. Rep. 6,
637–644 (2016).
9 J. K. Stein, J. N. Deo, L. S. Phillips, Big sites–short time: Accumulation rates in archaeological sites. J. Archaeol. Sci. 30, 297–316 (2003).
10 A. Jerardino, On the origins and significance of Pleistocene coastal resource use in southern Africa with particular reference to shellfish gathering. J. Anthropol.
Archaeol. 41, 213–230 (2016).
11 R. G. Klein, T. E. Steele, Archaeological shellfish size and later human evolution in Africa. Proc. Natl. Acad. Sci. U.S.A. 110, 10910–10915 (2013).
2 of 2 | PNAS Niespolo et al.
https://doi.org/10.1073/pnas.2108794118 Reply to Klein: Ysterfontein 1 shell midden (South Africa) and the antiquity of coastal
adaptation
D
ow
nl
oa
de
d 
at
 C
al
ifo
rn
ia
 In
st
itu
te
 o
f T
ec
hn
ol
og
y 
on
 J
ul
y 
26
, 2
02
1 
